Abstract. Agrobacterium vitis is responsible for the crown gall disease of grapevine which breaks the grapevine trunk vascular system. Nutrient flow is prevented by crown gall and it leads to weak growth and death of the plants. It can be destructive disease often encountered in vineyards and it can be spread in cuttings for propagation. Thermotherapy treatment is an alternative method for eradicating A. vitis from grapevine cuttings but effects of thermotherapy treatments on dormant vine tissue, bud vitality, rooting and shooting of the propagation materials are not yet fully understood. In this research, it is aimed to determine the effects of thermotherapy treatment (Hot water treatment) on callus formation (at the basal part and grafting point), grafted vine quality (shoot length, shoot width, root number, shooting and rooting development, fresh and dry weight of shoots and roots) and final take in the grafted vine production. Experiment was conducted in the nursery of Manisa Viticultural Research Institute. Rootstocks (Kober 5BB, Couderc 1613 and 41B) and scions (Sultan 7 and Manisa sultanı) were hot-water treated at 50
Introduction
Viticulture constitutes an important part of agricultural production in the world and it is common between • latitudes in the Northern Hemisphere and 20-40
• latitudes for Southern Hemisphere. Turkey, which has a strong viticultural potential, is one of the important gene centers of the vine. Today, 74 million tons of world grape yield (production) that is 4.1 million tons yielded in Turkey. In addition, Turkey ranks 5th in the world with 467.093 ha grape harvested area [1] and that the grape yield per hectare is about 8.9 tons. It can be observed that this value is considerably less than the advanced countries of viticulture. This situation is due to various negativities encountered during the period planting to the marketing. Especially, some of the pests and diseases can affect adversely the grape yield per unit area in our country.
Crown gall, caused by the soil-borne bacterium (Agrobacterium vitis), is also the most important disease in our country's vineyards. The most remarkable signs are galls and cracks that appear on grapevine trunks [2] . Galls are more common on the lower trunk but they can develop in canes and at graft unions. Crown gall can kill young vines, reduce growing potential and require establishment of new trunks [3] .
There are not any effective chemical treatments for grape crown gall control yet [4] . Therefore its control a e-mail: oguz.soltekin@tarim.gov.tr focuses on prevention of injuries and using of pathogen free propagation materials [5] .
In our country, grafted vine producers may select the infected cuttings in the vineyard for grafting process without being aware of it. Therefore the possibility of using infected propagation materials with Agrobacterium vitis while establishment of the vineyards, is one of the enhancing dissemination and transmission of disease. Furthermore if Agrobacterium vitis identify in herbal products, it is among the organisms subject to quarantine which is prohibited to circulate in our country. Therefore it is determined that A. vitis has an extremely important precaution for our country, according to the Regulation on "Plant passport system and registration of operators" published in the official gazette dated 2nd January 2011, numbered 27813 [6] .
Hot water treatment (Thermotherapy) is an efficient, environmentaly safe and commercially viable method for sterilization of Agrobacterium vitis [7] . The most common hot water treatment for dormant propagation materials (rootstocks and vine cuttings) is submerging them in a water bath at 50
• C for 30 min [3, 7, 8] . However the most common problems in HWT studies are generally related its affects on bud and tissue vitality, growth in the nursery and the effects on grafting of vines for different varieties [3, [9] [10] [11] [12] [13] .
In this study, it was aimed to determine the effects of hot-water treatment (thermotherapy) on propagation th World Congress of Vine and Wine materials used for grafted vine production. In this way, new registered grape varieties (Sultan 7 and Manisa sultanı) were used as plant materials and it was observed responses of these varieties to the thermotherapy treatments.
Materials and methods

Plant material
This research was carried out in the nursery of Viticultural Research Institute in Manisa province. Five rootstock cultivars Kober 5BB, Couderc 1613, 41B and two scion cultivars Sultan 7, Manisa Sultanıwere used as plant material. Sultan 7 is a seedless variety and it is the most common raisin variety in Turkey. It matures in second half of the August. It has high drying efficiency and yield potential. Manisa Sultanıis a seedless variety growing for primarily table grape. Berries are elliptic, greenyellow color. It matures in second half of the August. All these propagation materials were collected in the dormant season (November and February) from the vineyards of the Institute. Then they were placed in cold storage at 2-4
• C until grafting. Sultan 7 and Manisa Sultanıgrape varieties are newly registered varieties. Therefore, in this research, it was observed responses of these varieties to the hot water treatment (HWT) first time.
Methods
In the research, all propagation materials (rootstocks and scions) were kept in the room temperature overnight before the HWT. Then they were immersed in hot-water at 50
• C for 30 minutes which is the most common technique against Agrobacterium vitis. Hot water tank had 1000 L water capacity with a recirculation pump and temperature was monitored via probes during the treatment process. After HWT, all propagation materials were left to drying at room temperature. Also there were not any hot water treatments for control group.
One bud scions of the Sultan 7 and Manisa sultanıgrape varieties were omega shaped bench-grafted onto three rootstocks [14, 15] . Grafted cuttings were dipped into paraffin wax (55-60
• C) to cover the grafting point and placed in plastic boxes filled up with sawdust and coarse chip (3:1). All boxes were kept in callusing room (25-27
• C, 90-95% humidity) for three weeks and then transferred to the outdoor conditions for adaptation in two days. When the callus formation was completed in the callusing room, rooting rates (%) and sprouting rates (%) were determined. Then, callusing level at the grafting point and at the basal part were measured according to the 0-4 scale (0-no callus development, 1-weak callus development, 2-crescent shaped callus development, 3-partially interrupted callus development, 4-complete callus development).
After these measurements, grafted cuttings were planted in polyethlyene bags for rooting over 6-7 weeks at 25-27
• C, 70-75% humidity in greenhouse. At the end of the this growing period in greenhouse, following parameters were measured; Shooting and rooting development level (0-4 scale), shoot length (cm), shoot width (mm), root number, fresh and dry weight of shoots and roots (g) and final take (%) were measured. All parameters were examined to determine the effects of thermotherapy treatments on propagation materials (rootstocks and scions) for grafted vine production.
The experimental design was randomized plots with three replications and there were 30 cuttings in each replication. Analysis of variance is implemented to research data by using SPSS statistical analysis software package on computer, and in order to determine the differences among averages, LSD test is implemented.
Results and discussion
According to the measurements of after callus formation in the callusing room, effect of hot water treatment on rooting and sprouting rates was found non-significant. However hot water treated cuttings of all rootstocks x Manisa Sultanıcombinations had higher values than control group in terms of rooting rates. Also the highest values were obtained from the hot water treated (64.4%) and untreated (56.7%) 1613C x Manisa Sultanıcombinations respectively ( Table 1 and Table 2 ). Besides that [16] reported similar results in their study. For instance, they observed different sprouting ratios during the callusing development for the all rootstock x variety combinations. On the other hand the highest rooting ratio was obtained from the 1613C x variety combinations (54.6%) in their study.
The Table 3 and Table 4 show that effects of HWT on callusing level at the basal part and grafting point, respectively. Treatment x rootstocks interactions for the Sultan 7 variety were found statistically significant in terms of callusing level at the basal part. The highest value (2.65) was observed in hot water treated vines of 41B/Sultan 7 combination. Also [17] reported that thermotherapy treatments stimulated callus formation at the basal part in most cases.
When measuring the callus formation at the grafting point, the lowest level were observed in hot water treated vines of 5BB/Sultan 7 combination (2.30). On the other hand the highest values were observed in 1613C/Sultan7 combinations. As can be seen from the results, callus formation was affected adversely by hot water treatment on 5BB/Sultan 7 and 5BB/ Manisa Sultanıcombinations. However other combinations were placed in the highest level group statistically (Table 4) . When the callus formation was considered as one of the important criteria determining the success in the production of grafted vines [18] , 41B and 1613C rootstocks come into prominence for the both varieties. Hot water treated cuttings of 41B/Manisa Sultanıcombinations was found 6.5% more callus formation than untreated group. In a study hot water treated and grafted cuttings were found 5-10% better callus formation than the control cuttings [3] .
Significant treatment x rootstock interactions were observed for the Sultan 7 variety in terms of shooting and rooting development levels (Table 5 and Table 6 ). Hot water treated vines of 1613C/Sultan7 and 41B/Sultan 7 combinations had higher values than each control groups for the both shooting and rooting development levels. As can be seen from the results of all rootstocks x Sultan 7 combinations, hot water treatments induced more shooting and rooting development except 5BB/Sultan 7 combination. These findings was found parallel with the previous studies [11, 17, 19] . th World Congress of Vine and Wine The Table 7 shows that effects of hot water treatments on shoot length while the Table 8 shows the effects of hot water treatments on shoot width. Significant treatment x rootstock interactions were observed for the shoot length of Sultan 7 variety. The highest values were observed in hot water treated vines of 1613C/Sultan 7 (15.89 cm) combinations. Also hot water treated cuttings was found 20.3% and 11.7% more shoot length than the untreated ones in 1613C/Sultan 7 and 41B/Sultan 7 combinations respectively. The effect of hot water treatment on shoot width was statistically non-significant for both varieties. However the highest value was observed in hot water treated vines of 41B/Sultan 7 (5.33 mm) and 1613C/Manisa Sultanı(2.19 mm) combinations. Also in previous studies, it was observed that the effects of thermotherapy treatments were varied in terms of shoot length and shoot width on different rootstock x variety combinations [13, 20] . In a study carried out by [3] , hot water treated and grafted vines of K51-40/Zante Currant and Ramsey/Zante Currant combinations had longer shoots than the control group. LSD Treatment x Rootstock: 1.633** *p < 0.05, **p < 0.01, ns: non-significant 1613C/Sultan7 combinations had higher values compare to the control vines. Root number of grafted vines for the hot water treated 1613C/Manisa sultanıcombination was 41.67 while 1613C/Sultan 7 combination was 49.67 (Table 9 ). Also it was observed more root numbers with the hot water treatments in 41B/Sulltan7, 1613C/Sultan7 and 1613C/Manisa sultanıcombinations. In a study conducted by [13] , there was an increment in the root numbers with the hot water treatments.
According to the measurements of final take, it was found that significant treatment x rootstock interaction for the Sultan 7 variety (Fig. 1) . Hot water treated group of 41B/Sultan 7 and 1613C/Sultan 7 combinations had 21.7% and 5.9% more final take than the control group. On the other hand hot water treated vines of 5BB/Sultan 7 combinations had 9.4% lower final take compare to the control group. Generally hot water treatment affected the final take positively in the rootstocks x Sultan 7 th World Congress of Vine and Wine combinations. However it was observed that 5BB/variety combination was more sensitive than the others and this combination was affected adversely by thermotherapy treatment. Additionally it was observed that thermotherapy treatments effects can be changed by the varieties. These findings were similar to the previous studies [8, 11, 13, 19, 21] .
According to the fresh shoot weight values, significant treatment x rootstock interaction were observed for the Manisa Sultanıand Sultan 7 varieties (Table 10) . Hot water treated vines of all combinations, except 5BB/Manisa sultanıand 5BB/Sultan 7 combinations had higher fresh shoot weight values compare to the control group. Additionally hot water treated vines of 1613C/Manisa Sultanıand 1613C/Sultan 7 combinations had the highest fresh shoot weight values for each variety, 57.59 g and 64.27 g respectively. Also significant treatment x rootstock interaction was found for the Sultan 7 variety in terms of dry shoot weight (Table 11 ). The highest and lowest value was obtained from hot water treated (12.87 g) and untreated (10.27 g) vines of 41B/Sultan 7 combination respectively.
The Table 12 shows that effect of HWT on fresh weight of roots. In Sultan 7 variety, it was determined that significant treatment x rootstock interaction. The highest value was observed in hot water treated vine of 1613C/Sultan 7 combination while the lowest value was obtained from untreated vine of the 41B/Sultan 7 combination. Moreover there were significant treatment x rootstock interactions for the both Manisa Sultanıand Sultan 7 varieties in terms of dry root weight. The highest (10.93g) and lowest value (4.06g) was observed in hot water treated vines and untreated vines of 41B/Sultan 7 combination.
According to the fresh and dry weights of the shoots and roots, generally hot water treatments had positive effects except 5BB x variety combinations. It was observed that 5BB rootstock x variety combination was the most sensitive combination in this experiment. On the other hand there were not determined any adverse effects of thermotherapy treatments on bud and tissue vitality. Also similar results were found in previous studies [3, 7, 17, 22, 23] .
Conclusion
Thermotherapy treatment at 50
• C for 30 minutes was found an effective method against Agrobacterium vitis in previous studies. Therefore this technique was applied to the dormant grapevine propagation materials before the grafting process in an attempt to examine the growing period of different rootstocks x variety combinations.
It is known that the tolerance of plant material to the hot water treatment is an important matter. Overall the findings reveal that in this study there were no any adverse effects on bud and tissue vitality in Sultan 7 and Manisa Sultanıgrafted onto 5BB, 41B and 1613C rootstocks. On the other hand it was observed that combination of 5BB rootstock with the varieties was more sensitive than the others against to the thermotherapy treatment. Therefore growers should pay attention to this relation between Kober 5BB rootstock and thermotherapy treatment.
Moreover hot water treated vines of 1613C/Sultan 7 and 41B/Sultan 7 combinations became prominent in terms of final take. As can be seen from the results hot water treated cuttings of Sultan 7, which is a raisin variety, has stood out with its high final take values for all rootstocks.
In addition, considering that 41B is a hard-rooted rootstock and final take values are generally low, it is so important that the thermotherapy has a positive effect on final take of 41B rootstock and variety combinations.
As a result, in order to grow healthy grafted vines and provide economic technique against Agrobacterium vitis th World Congress of Vine and Wine in Sultan 7 and Manisa sultanıvarieties -newly registered varieties which were obtained from the Sultani Ç ekirdeksiz -thermotherapy treatment needs to be widespread.
